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ABSTRACT 
The application of mist to cauliflower and lettuce plants 
'improved the quality of cauliflower heads. The mean temperature 
reduction in the mist plots was 4.8
° 
F. Positive correlation of 
.76 was obtained between outside temperature and temperature 
under mist. By comparison of sample means of paired observations, 
differences were found to be significent at one percent level. 
The mist system was 2.5 feet above soil level. The lines 
were 120 feet long. The 3 lines on the west side _of the plot 
were placed 3 feet apart. The next 7 lines were placed 6 £�et 
apart. The last two lines on the east side of plot were placed 
3 feet apart. The mist nozzles were spaced 3.5 feet apart and 
later in the season every other nozzle was used to reduce the 
amount of water. An electric solenoid valve was controlled by 
· a thermostat set for an air temperature of 85 ° F. 
Production of 87 percent high quality cauliflower used more 
water as compaired to normal irrigation. Wind, -soil; crop, and 
other factors should be taken into account for future studies. 
ACKNOWLEDGEMENTS 
The author wishes to express his appreciation to Dr. Paul Prashar 
df the Department of Horticulture and Forestry under whose guidance 
the investigation was conducted, for his suggestion of the problem, 
counsel, and constructive criticism. 
Thanks are due to Professor R. M. Peterson, Dr. D. E. •. Herman, 
and Mr. P. E. Collins for critical reading and correcting of the 
manuscript. Thanks to Professor D. J. Holden for serving on my 
com.�ittee and making valuable suggestions. The author also 
appreciates the materials, field space, and other facilities furnished 
by the Department of Horticulture and Forestry, South Dakota State 
University. The author wants to thank everybody in the Department 
of Horticulture and Forestry for their help from time to time and 
making my stay pleasant at Brookings. 
I am very much indebted to my wife Lynnda for the help and 
encouragement she gave me during my graudate school and �lso 
appreciate her typing this thesis. 
JLS 
INTRODUCTION 
REVIEW OF LITERATURE 
MATERIAL AND METHODS 
TABLE OF CONTENTS 
. . . . . . . . . . . . . . . . . . . .. . . . . . . . . . . . . .  
RESULTS . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  ·- . . . . . .  . 
DISCUSSION 
PAGE 
1 
3 
7 
10 
29 
CONCLUSION ••.•.••.. · •. • •.•.•...•••••.•••••••.•••..•.....•• -. . 40 
LITERATURE CITED . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  41 
LIST OF TABLES 
TABLE PAGE 
I. The Comparison of Outside Temperatures and Temperatures 
in Mist Plots when Outside Temperatures Exceeded 80 
Degrees Fahrenheit During the 1966 Growing Season ..... 14 
II. Frequency Relationship ·of Outside Temperatures and 
Temperatures in the Mist Plots when Air Temperatures 
Above 80 Degrees Fahrenheit were Grouped in Five 
Degree Fahrenheit Increments ...................... ; . . . . 19 
III. Correlation Coefficient Between Outside Temperatures 
and Temperatures in Mist Plots ......................... 21 
IV. Total Number of Surviving Cauliflower Plants Per 
Plot and the Number of Plants Producing U. S. Number 1 
Heads, Small Heads, or No Heads. All Plots were Grown 
Under Mist 27 
LIST OF FIGURES 
. FIGURE PAGE 
\. 
1 Diagrammatic Layout of the Mist· System in the Plots . . .  8 
2-7 Comparison of Outside Air Temperature and Temperature 
in Mist Plots when Outside Air Temperatures Exceed 80 
Degrees Fahrenheit 
8 Scatter Diagram Showing Relationship Between the 
11-13 
Outside Temperature and Temperature in the Mist Plots .. 20 
9-24 Graphic Comparison of Outside Temperature and· 
Temperature in Mist Plots . . . . . . . . . . . . . . . .. . •.. .. . . . . . .  31-38 
\ 
INTRODUCTION 
The growing season of vegetables can be extended by proper use 
of water to cool or heat plants during adverse conditions. Cool 
season crops can be planted earlier than the last frost-free date 
in an area by using mist to raise the temperature. Similarly, mist 
can be used to lower temperature during hot periods to provide more 
favorable temperatures for a crop. Mist application may permit the 
grower to produce cool season crops even during warm summer months. 
This would enable the grower to get a higher price for his crop. 
Mist may also make it possible to grow certain vegetables in an 
area which normally has unfavorable environmental factors. Certain 
cool season crops such as cauliflower and lettuce lose a large 
amount of flavor when shipped a long distance. Such crops could 
possibly be grown in South Dakota by using a mist system. 
If an efficient method of cooling air temperature around plants 
can be found, the commercial vegetable grower may be able to pro­
duce better quality crops and more than one crop per season on the 
same land. This should increase.the growers income in South Dakota. 
This method may also have application in other horticultural fields. 
For example, it may prevent tip "burning" in commercially grown 
flowers or increase growth rates of nursery stock. 
The main purpose of this study was to determine if mist could 
cool air temperature sufficiently to permit production of cauli­
flower and lettuce during summer months in South Dakota. Evaluation 
of the mist system in relation to wind was also an important phase 
2 
of the work, and enabled the writer to make suggestions or modifi­
cations for its potential use in the state. 
3 
REVIEW OF LITERATURE 
The application of water to a crop need not be limited to the 
water requirement of the crop. It can also be used to improve the 
microclimate during hot, dry spells especially during critical 
periods of the plant's development. Carl (4) found that an improved 
microclimate can be obtained by reducing the amount of irrigation 
water per unit hour and extending the time of water application 
period by overhead sprinklers. 
Plants can be protected from injurious effects of high and 
low temperature by the use of overhead irrigation. Jenkins (8) 
reported that water cools the plants and soil by filtering out 
some of the direct rays of the sun and by absorbing heat. 
Carolus (5) reported that increase in water vapor resulted in an 
increase in solar energy absorption by the atmosphere with a 
corresponding reduction in plant heating. As a result of this 
artifically produced microclimate there was a reduction in 
transpiration (5, 8). 
Miller, Turrell, and Austin (12) showed that the application 
of mist could lo�er the air temperature 6 to 7
° 
F. In their 
0 
experiment the air temperature was lowered from 94 to 89 F. as 
long as the sprinklers were in operation. The temperature rose 
0 
to 93. 5 F. in 90 minutes when the sprinklers were shut off. 
Carolus (5) has reported that plants may wilt in early summer 
during periods of low humidity an� high incoming r�diation. Also, 
growth is slowed because photosynthesis is reduced due to the 
closing stomata. Langhans (10) reported that chrysanthemums and 
roses growing under mist lost very little water by transpiration. 
4 
He further observed that the stomata of rose leaves under non­
misted conditions closed about 2 p. m. on a bright warm day while 
the stomata of leaves under mist remained open throughout the day. 
Th.ere are many different systems which use water to cool 
plants. Gray (7) and Lombard, Westigard, and Cordy (11) described 
cyclic systems which applied water for 5 to 15 minute periods 
and shut off the water for 15 minutes on grapes and pears. 
Langhans (10) reported that cooling by mist was �ue to the 
temperature of the water particles as it landed on the leaf. The 
temperature of the water was controlled by the amount of 
evaporative cooling which occurred as the particle fell from the 
nozzle to the leaf. The initial temperature of the water had only 
a slight effect on the amount of cooling obtained. In addition to 
the cooling effect of the mist, the wet leaves of the plant acted 
as an evaporative cooling pad. The increase in water vapor resulted 
in an increase in solar energy absorption by the atmosphere, and 
an additiorial reduction in plant heating (5,8). · 
\ 
Thoros_rud (15) observed that soil temperatures were reduced 
8 to 12· days after irrigation due to an increase in evaporation 
from the soil. Irrigation increased the relative humidity for 5 
days according to Raniere and Crossan (13) . 
I 
5 
Kalbfleisch (9) found that an evaporative spray cooling system 
in greenhouses reduced the temperature less as the relative humidity 
increased. When the relative humidity was 75 percent, the 
·temperature reduction was about 5
° 
F. With .a relative humidity of 
0 35 percent the temperature was cooled about 15 F. Carpenter and 
Willis (6) have suggested that a correlation may exist between the 
percentage of relative humidity-outside and the degree of cooling 
in a greenhouse. The degree of cooling increased as the relative 
humidity decreased at a constant temperature. 
Miller, Turrell, and Austin (12) reported that application 
of mist to avocado trees increased the relative humidity by 4 
percent. Lo�bard, Westigard, and Cordy (11) reported a 23. 5 
percent increase in relative humidity in a pear orchard when mist 
was applied. 
Carolus (5 ) found that small pickling cucumbers and 
0 
strawberries ripening in the sun�may become at least 10 to 20 F. 
warmer than the air temperature and fail to develop normal size 
because they are transpiring water faster than it can be absorbed 
by the roots. According to Lombard, Westigard, and tordy (11) 
mist applic�tion·may reduce air and leaf surface temperatures 
0 5 to 10 F. The internal fruit temperature may be reduced as 
0 
much as 10 to 15 F. 
Jenkins (8) working with gladiolus found that the application 
of mist prevents "burning" of the flower buds from the time spikes 
\ 
begin to appear until they are cut. In California, Gray (7) 
recorded that walnuts, almonds, cherries, prunes, strawberries, 
pole beans, and potatoes were cooled sufficiently by mist to 
·prevent growth retardation and blossom drop. A temperature of 
6 
100° F. prevents pod formation in beans according to Benedict (2) . 
He found that when the temperature reached 90° F. by 10 a.m. in 
Arkansas it usually exceeded 100° F. later in the day. By applying 
different rates of water for varying lengths of time the rise of 
0 
temperature to 100 F. was prevented in the snap beans. 
According to Borries (3) the yield and size of lettuce heads 
grown in Kentucky doubled under mist. Anthony (1) reported 
similar results for strawberries. Langhans (10) reported that 
mist treated roses produced a larger total number of flowers and 
longer stern lengths than non-misted rose plants. According to 
Lombard, Westigard, and Cordy (11) pears under a mist system 
produced larger fruits and matured a week earlier on the tree, 
than non-misted trees. 
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MATERIALS AND METHODS 
Cauliflower seeds of the variety Snowcap and lettuce seeds of 
the variety Mount Fulton were seeded on May 17, 1966. After 10 
days the seedlings were transplanted to wooden flats 2. 5 by 2. 5 
inches apart. On June 13, the plants were planted in the field 
and watered iTILmediately after transplanting. Rows were spaced 3 
feet apart and the plants 2 feet apart within the rows. 
A 10-10-10 fertilizer was broadcast over the field at the rate 
of 5 00 pounds per acre before final preparation of the soil. The 
total area under mist was 120 feet long and 60 feet wide and 
consisted of 20 alternating rows of cauliflower and lettuce. The 
rows were oriented north and south. 
A mist system was installed over the plots so that mist 
could cover the entire area. The main water line on the north 
side of the plots ran in an east-west direction, as shown in 
Figure 1. Mist lines were placea over the rows. running south from 
the main line. This line was 60 feet long and 1. 5 inches in 
diameter. The twelve lateral lines containing the mist nozzles 
were . 75 inch in diameter and 120 feet long. The 3 lateral lines 
on the west side of the plot were placed 3 feet apart. The next 
\ 7 lines were placed 6 feet apart. Th� two lines on the east side 
of the plot were placed 3 feet apart. The closer spacing of 
outside lines was used to reduce the border effect on both sides, 
against the south and west prevailing winds of suTIL�er. The mist 
nozzles were spaced 3.5 feet apart along the lateral lines. The 
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nozzles were rated at 1/8 inch of water per hour at 40 pounds 
pressure. Later in the season it was obvious that the ·nozzles 
were spaced too closely; therefore every other nozzle was removed 
for the remainder of the season except in the west and east border 
rows. Four nozzles were also left at the south end of each lateral. 
The main water line was connected to a constant water supply. 
An electric solenoid valve was controlled by a thermostat set for 
· of 85
° 
an air temperature F. The mist came on automatically at 
b 85 ° F d h ff f 11  b 1 temperatures a ove . an s ut o as temperatures e e ow 
85 ° F. The thermostat was located 6 inches above the soil level 
under the third lateral from the east side and 15 feet from the 
north end of the row. 
A calibrated thermograph recorded the temperatures under the 
mist, and another thermograph recorded the temperatures outside the 
mist. Each thermograph was enclosed in a small weather-bureau-type 
shelter. Outside temperatures were recorded 50 feet west of the 
9 
mist plots. They corresponded closely with official temperatures 
recorded by the Agriculture Engineering station loca·ted approximately 
one mile northwest of the mist plots. 
The thermostat was set at 90° F. one afternoon a week to permit 
cultivation of the plots. It was sprayed for pests as needed. The 
crops were harvested betwe�n September 27 and October 10. 
On August 5, 6, and 7 the continuous temperature recorder in 
the mist plots did not function. 
RESULTS 
The temperature differences between the mist plots and 
outside the mist are shown in Figures 2 through 7. The maximum 
0 
reduction in temperature under mist was 14 F. This difference 
occurred on July 9 at 4 p.m. and 6 p.m., July 10 at 4 p.m., and 
August 16 at 2 p.m. The reductions in temperature were from 96 
0 0 0 0 
to 82 F., 94 to 80 F., 102 to 88 F., and 94 to 80 F., 
respectively. The temperature of the water used for misting 
0 0 
varied from 66  to 72 F. with an average of 68.9 F. 
The mean air temperature during periods of the day when 
outside temperatures exceeded 80° F. was 87.1
° 
F. The mean 
0 temperature for the same period in mist plots was 82.3 F. The 
10 
mean reduction in temperature in the mist plots was 4.8
° 
F. By 
comparison of sample means of the paired observations, differences 
were found to be significant at the 1 percent level. The t 
value at 0.01 and 0.001 is 2.576 and 3.291, re�pectively. The 
calculated value of t is 11.29, as shown in Table I. 
On the afternoons of June 29, July 3, 4, 10, 17, 24, and 31, 
and August 7 and 14 the therrn8stat Was Set at 90
0 
F. to allow the 
soil to dry for cultivation. 
Table I I  shows the relationship of outside temperatures and 
temperatures in the mist plots when temperatures were grouped in 
five degree increraents. 
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· TABLE I 
THE COMPARISON OF OUTSIDE TEMPERATURES AND TEMPERATURES IN MIST PLOTS 
WHEN OUTSIDE TEMPERATURES EXCEEDED 80 DEGREES FAHRENHEIT DURING THE 
1966 GROWING SEASON 
Outside Temperature Difference 
Date Time Temperature in Mist Plots Difference Squared
2 {Xl) (X2) {X1-X2) (X1 -X2) 
June 
21 2 82 80 2 4 
4 86 80 6 36 
6 83 79 4 16 
22 12 82 79 3 9 
2 83 80 3 9 
4 83 80 3 9 
6 84 77 7 49 
28 4 88 86 2 4 
6 88 86 2 4 
8 82 86 -4 16 
29 12 86 84 2 4 
2 90 87 3 ·9 
4 91 87 4 16 
6 90 82 8 64 
.8 84 80 4 16 
30 12 90 86 l� 16 
2 91 88 3 9 
4 92 87 .5 25  
6 88 84 4 16 
8 82 80 2 4 
July 
1 12 86 84 2 4 
2 88 86 2 4 
4· 90 85 5 25 
6 86 82 4 16 
8 80 78 2 4 
2 10 84 82 2 4 
12 90 87 . 3 9 
2 91 86 5 25 
4 90 85 5, 25 
3 2 91 88 3. 9 
4 93 86 7 49 
6 90 84 6 36 
8 88 80 8 64 
10 80 78 2 4 
15 
TABLE I (continued) 
4 8 83 80 3 9 
10 90 84 6 36 
12 94 88 6 36 
2 96 88 8 64 
4 94 86 8 64 
6 90 84 6 36 
5 12 84 78 6 36 
2 89 80 9 81 
4 88 80 8 64 
6 84 78 6 36 
7 2 84 82 2 4 
4 84 83 1 1 
6 84 80 4 16 
8 2 89 85 4 16 
4 88 84 4 16 
6 84 82 2 4 
8 83 81 2 4 
9 12 89 84 5 25 
2 92 84 8 64 
4 96 82 14 196 
6 94 80 14 196 
8 86 78 8 64 
10 10 91 88 3 9 
12 96 92 4 16 
2 102 92 10 100 
4 102 88 14 196 
6 98 88 10 100 
8 93 82 1 1  121 
10 88 80 8 64 
12 82 79 3 9 
1 1  10 92 89 3 9 
12 100 · 93 7 49 
2 101 96 5 25 
4 97 86 1 1  121 
6 88 82 6 36 
8 84 78 6 36 
10 82 78 4 16 
\ 12 10 85 84 1 1 12 87 84 3 9 
2 89 84 5 25 
4 88 84 4 16 
6 86 83 3 9 
8 80 78 2 4 
16 2 84 82 2 4 
4 84 82 2 4 
16 
TABLE I (continued) 
17 2 94 91 3 
4 95 90 5 25 
6 90 87 3 9 
8 88 85 3 9 
18 12 85 82 3 9 
2 87 85 2 4 
4 86 82 4 16 
6 84 80 4 16 
· 19 12 84 80 4 16 
2 82 80 2 4 
4 83 80 3 9 
6 81 78 3 9 
20 2 86 80 6 . 36 
4 86 79 7 49 
6 83 79 4 16 
21 4 84 80 4 16 
6 83 80 3 9 
24 12 86 84 2 4 
2 88 84 4. 16 
4 90 84 6 36 
6 87 84 3 9 
8 80 76 4 16 
25 10 85 83 2 4 
12 88 86 2 4 
2 90 87 3 9 
4 90 86 4 16 
6 87 84 3 9 
8 80 79 1 1 
26 12 84 82 2 4 · 
2 88 82 6 36 
4 87 83 4 16 
6 84 82 2 4 
27 10 82 80 2 4 
12 84 80 4 16 
2 86 80 6 36 
4 86 80 6 - 36 
6 80 79 1 1 
\ 
August 
16 12 88 80 8 64 
2 94 80- 14 196 
4 95 93 2 4 
6 88 80 8 64 
8 80 76 4, 16 
17 10 85 81 4. 16 
25 2 82 76 6 36 
4 84 76 8 64 
6 - 82 76 6 36. 
17 
TABLE I (continued) 
2 6  12 82 80 2 4 
2 86 81 5 25  
4 89 80 9 . 81 
6 87 80 7 49 
8 80 78 2 4 27 12 84 80 4 16 
2 87 80 7 49 
4 88 79 9 81 
6 85 79 6 36 
29 12 86 80 6 36 
2 90 82 8 64 
4 92 80 12 144 
6 88 80 8 64 
8 82 80 2 4 
30 12 87 80 7 49 
2 88 80 8 64 
4 88 82 6 36 
6 85 80 5 25 
8 80 78 2 4 
31 12 82 80 2 4 
2 84 80 4 16 
4 84 80 4 16 
6 82 80 2 4 
Total 12893 12182 711 7186 
sa2 = � {X l -X 2} 
2 - [ � {X] -X 2 2 ] 2 / n 
n (n-1) 
= 7186 - [711.]
2 /n 
n (n-1) 
7186 - 505521/148 = 
148 X 147 
7186 - 3348.78 
21756 
3837.22 
= 
21756 
sa2 = 0.18097 
sd = 0.4255 
TABLE I (continued) 
d t = -
sd 
t value at 0.01% = 2.576 
t value at 0.001% = 3.291 
4.8 = 
.4255 
t = 11. 29 
18 
I 
I 
19 
TABLE II 
FREQUENCY RELATIONSHIP OF OUTSIDE TEMPERATURES AND TEMPERATURES IN 
THE MIST PLOTS WHEN AIR TEMPERATURES ABOVE 80 DEGREES FAHRENHEIT 
WERE GROUPED IN FIVE DEGREE FAHRENHEIT INCREMENTS 
Temperature Outside Temperature 
in Mist Plots Degrees 
Degrees F. 80-84 85-89 90-94 95-99 100-104 
75-79 21 5 0 0 
80-84 31 42 12 1 
85-89 1 7 18 3 
90-94 0 0 1 2 
95-99 0 0 0 0 
0 
When the temperature under mist was between 75 and 79 · F. the 
0 
outside temperature was between 80 and.84 F. 21 times and 
0 
0 
1 
2 
1 
0 
between 85 and 89 F. 5 times during the growing season. Similar 
temperature relationships are shown in Table II for temperatures 
0 
in the mist plots ranging up to 99 F. • Figures 2 through 7 show 
0 
that temperatures in the mist plots were lowered from 1 to 14 F., 
depending upon the air temperature and other factors involved. 
The scatter diagram in Figure 8 shows a positive correlation 
between outside temperatures and mean temperatures in the mist 
plots. All xy in quadrant one are positive (+,+); all xy in quadrant 
two are negative (-, +) ; xy in quadrant three are positive (-, -) ; 
and xy in quadrant four are negative (+,-). The four quadrants 
are numbered counterclockwise beginning with the upper right 
quadrant as quadrant one. 
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Date Time 
June 
21 2 
4 
6 
22 12 
2 
4 
6 
28 4 
6 
8 
29 12 
2 
4 
6 
8 
30 12 
2 
4 
6 
8 
TABLE III 
CORRELATION COEFFICIENT BETWEEN OUTSIDE TEMPERATURES 
AND TEMPERATURES IN MIST PLOTS 
Outside Temperature Outside Temperature 2 Temperature Under Temperature in Mist Plots X 
(X1) Mist (X2) - Mean (x) - Mean (y) 
82 80 -5.1 -2.3 26.01 
86 80 -1.1 -2.3 1. 21 
83 79 -4.1 -3.3 16. 81 
82 }9 -5.1 -3.3 26.01 
83 80 -4.1 -2.3 16.81 
83 80 -4.1 -2.3 16.81 
84 77 -3.1 -5.3 9.61 
88 86 . 9 3.7 .81 
88 86 • 9 3.7 .81 
82 86 -5.1 3.7 26.01 
86 84 -1.1 1. 7 1. 21 
90 . 87 2.9 4.7 8.41 
91 87 3.9 4.7 15.21 
90 82 2.9 - .3 8.41 
84 80 -3.1 -2.3 9.61 
90 86 2.9 3.7 8.41 
91 88 3.9 5.7 15.21 
92 87 4.9 4.7 24.01 
88 84 . 9 1.7 .81 
82 80 -5.1 -2.3 26.01 
2 
y xy 
5.29 11. 73 
5.29 2.53 
10.89 13.53 
10.89 16.83 
5.29 9.43 
5.29 9.43 
28.09 16.43 
13.69 3.33 
13.69 3.33 
13.69 -18.87 
2.B9 - 1. 87 
22.09 13.63 
22.09 18.33 
.09 - .87 
5.29 7 .13 
13.69 10.73 
32.49 22.23 
22.09 / 23.03 
2.89 1.53 
5.29 11. 73 t-' 
TABLE III (continued) 
July 
1 12 86 84 '."'1.1 1. 7 1. 21 2.89 - 1.87 
2 88 86 .9 3.7 .81 13.69 3.33 
4 90 85 2.9 2.7 8.41 7.29 7.83 
6 86 82 -1.1  - . 3 1. 21 .09 .33 
8 80 78 -7.1 -4.3 50.41 18.49 30.53 
2 10 84 82 -3.1 - • 3 9.61 .09 .93 
12 90 87 2.9 4.7 8.41 22.09 13.63 
2 91 86 3.9 3.7 15.21 13.69 14.43 
4 90 85 2.9 2.7 8.41 7.29 7.83 
3 2 91 88 3.9 5.7 15.21 32.49 22.23 
4 93 86 5.9 3.7 34.81 13.69 21.83 
6 90 84 2.9 1.7 8.41 2.89 4.93 
8 88 80 . 9 -2.3, .81 5.29 - 2.07 
10 80 78 -7.1 -4.3 50.41 18.49 30.53 
4 8 83 80 -4.1 -2.3 16.81 5 .29 9.43 
10 90 '84 2.9 1.7 8.41 2.89 4.93 
12 94 88 6.9 5.7 47.61 32.49 39.33 
2 96 88 8.9 5.7 79.21 32.49 50.73 
4 94 86 6.9 3.7 47.61 13. 69 25.53 
6 90 84 2.9 1.7 8.41 2.89 4.93 
5 12 84 78 -3.1 -4.3 9.61 18.49 13. 33 
2 89 80 1.9 -2.3 3.61 5.29 - 4.37 
4 88 80 .9 -2.3 .81 5.29 - 2.07 
6 84 78 -3.1 -4.3 9.61 18.49 13.33 
7 2 84 82 -3.1 - . 3 9.61 .09 .93 
4 84 83 -3.1 . 7 9.61 .49 - 2.17 
6 84 80 -3.1 -2.3 9.61 5.29 7. 13 
8 2 89 85 1. 9 2.7 3.61 7.29 5.13 
4 88 84 • 9 1.7· .81 2.89 1.53 
6 84 82------- -3.1 - . 3 9.61 .09 .93 
8 83 81 -4.1 -1. 3 ·16.81 1.69 5.33 
TABLE III (con t i nued) _____ 
9 12 89  84 1. 9 1.7 3.61  2.8 9  3.23 
2 92 84 ·4. 9 1. 7 24.01 2.89  8.33 
4 96 82 8.9 - .3 7 9.21 .09 - 2.67 
6 94 80 6.9 - 2.3 47.61 5.29 - 15.87 
8 86 78 - 1.1 - 4.3 1. 21  18.49 4. 7 3  
10 10 9 1  88 3.9 5.7 15.21 32.49 22.23 
12 96  92 7.9 9.7 62.41 94.09 76.63 
2 102 9 2  14.9 9.7 222.01 94.09 144. 5 3  
4 102 88 14.9 5.7 222.01 32.49 84.93 
6 98 88 9.9 5.7 98.01 32.49 56.43 
8 93 82 5.9 - .3 34.8 1 .09 - 1. 77 
10 88 80 3.9 - 2.3 15.21 5.29 - 8.97 
12 82 79  - 5.1 - 3.3 26.01 10.89 16.83 
1 1  10 9 2  89 4.9 6.7 24.01 44.89 32.83 
12 100 93 12.9 10.7 166.41 114 .49 138.03 
2 101 ,9 6 13. 9 13. 7 193.21 · 187.69 190.43 
4 97 86 8.9 3.7 7 9.21 13. 69 32.93 
6 88 82 . 9 - • 3 .81 .09 - .27 
8 84 78 - 3.1 - 4.3 9.61  18.49 13.33 
10 82 78 - 5.1 - 4.3 26.01 18.49 21. 93  
12 10 85 84 - 2.1 1.7 4.41 2.89 - 3.57 
12 87 84 - . 1 1. 7 .01 2.89 - .17 
2 89 84 - 2.1 1. 7 4.41 2.89 - 3.57 
4 88 84 . 9 1. 7 .8 1 2.89  1.53  
6 86 83 - 1.1 .7 1. 21  • l� 9 - . 7 7  
8 80 78 - 7. 1 - 4.1 50.41 18.49 30.53 
16 2 84 82 - 3.1 - .3 9.61 .09 .93 
4 84 82 - 3.1 - . 3 9.61 .09 .93 
17 2 . 94 9 1  6.9 8.7 47.61 75.69 60.03 
4 95 90 7.9 7.7 62.41 59.29 60.83 
6 90 87 2.9 4.7 8.41 22.09 13 ; 63 
8 88 85 .9 2.7 .81 7.29 2.43 
/ TABLE III (continued) 
18 12 85 82 -2 . 1  - . 3 4 . 41 . 09 . 63 
2 87  85  ..:. . 1  2 . 7  . 01 7 . 29 - . 2 7  
4 86 82  -1 . 1 - . 3 1 .  2 1  . 09 . 33 
6 84 80 -3 . 1  -2 . 3  9 . 61  5 . 2 9 7 . 13 
19 12 84 80 -3 . 1  -2 . 3  9 . 61 5 . 2 9 7 .13 
2 82  80 -5 . 1  -2 . 3  26 . 01 5 . 29 11 . 73 
4 83 80 -4 . 1  -2 . 3  16 . 8 1 - 5 . 2 9  9 . 43 
6 8 1  7 8  -6 . 1  -4 . 3  37 . 2 1 18 . 49 26 . 23 
20 2 86 80 -1 . 1 -2 . 3  1 .  2 1  5 . 2 9 2 . 53 
4 86 7 9  -1 . 1 -3 . 3  1 .  2 1  10 . 89 3 . 63 
6 83 7 9  -4 . 1  -3 . 3  16 . 8 1  10 . 89 13.53 
2 1  4 84 80 -3 . 1  -2 . 3  9 . 61  5 . 29 7 . 13 
6 83 80 -4 . 1 -2 . 3  16 . 8 1 5 . 2 9 9 . 43 
24 12 86 84 -1 . 1 1 .  7 1 .  2 1  2 . 89 - 1 . 87 
2 88 84 . 9  1 . 7 . 8 1  2 . 8 9 1 . 53 
4 90 1 84 2 . 9  1 . 7 8 . 41 "  2 . 89 4 . 93 
6 87 84 - . 1 1 .  7 . 0 1 2 . 89 - .17 
"8 80 76 -7 . 1  -6 . 3  50 . 41 39.69 44 . 73 
25 iO 85 83 -2 . 1  . 7 4 . 41 . 49 - 1 . 47 
12 88 86 . 9  3 . 7 . 8 1 13 . 69 3 . 33 
2 90 87  2 . 9  4 . 7 8 . 41 2 2 . 09 13 . 63 
4 90 86 2 . 9  3 . 7 8 . 41 13 . 69 10 . 73 
6 87  84 - . 1  1 . 7 . 0 1  2 . 8 9 - . 17 
8 80 7 9  -7 . 1  -3 . 3  50 . 41 10 . 89 23 . 43 
26  12 84 82 -3 . 1  - . 3 9 . 61  . 09 . 93 
2 88 82 . 9  - . 3 . 8 1 . 09 - . 2 7 
4 87  83 - . 1  . 7 . 01 . 49 - . 07 
6 84 82 -3 . 1  - . 3  9 . 61  . 09 . 93 
2 7  10 82 80 -5.1 -2 . 3  26 . 0 1 5 . 2 9 11 . 73 
. 12 84 80 -3 . 1  -2 . 3  9 . 61  5 . 2 9 7 . 13 
2 86 80 -1 . 1  -2 . 3  1 .  2 1  5 . 29 2 . 53 
4 86 80 -1 . 1 -2 . 3  1 .  2 i  5 . 2 9 2 . 53 
6 80 79  -7 . 1  -3 . 3  50 . 41 10 . 89 23 . 43 
TABLE III  (continued) �--
August  
16 · 12 88 80 .9 - 2.3 .8 1 5.2 9  - 2 .0 7  
2 94 80 6.9 - 2.3 47.6 1 5.2 9  - 15 .8 7  
4 95 93 7.9 . 7 6 2.41 .49 5.53 
6 88 80 .9 - 2.3 .8 1 5.2 9  - 2.07  
8 80 76  - 7.1 - 6.3 50.41 39.69 44.73 
17 10 85 8 1  - 2.1 - 1.3 4.41  1.  69  2.73 
25 2 82  76 - 5.1 -6.3 26.0 1  39.69 32.13 
4 84 76 -3.1 -6.3 9.6 1  39.69  19.53 
6 82 76 -5.1 - 6.3 26.01 39.69 32 .13 
26 12 82 80 - 5 .1 -2.3 26.01 5.2 9  1 1 .  73 
2 86 8 1  - 1.1 -1 .3 1 .  2 1  1 .69 1.43 
4 89 80 1. 9 -2.3 3.61 5.2 9  - 4.37 
6 87 80 - . 1 -2 .3 .01 5.29  .23 
8 80 78 -7.1 -4.3 50.41 18.49 30.53 
27 12 84 I 80 -3.1 - 2.3 9.6 1 5.29  7.13 
2 87  80 - . 1 - 2.3 .01 5 . 29  .23 
4 88 79 .9 -3.3 .8 1 10. 89  - 2.9 7  
6 85 79 - 2.1 -3.3 4.41 10.89 6.93 
29  12 86 80 - 1 .1 -2.3 1. 2 1  5.2 9  2.53 
2 90 82  2.9 - . 3 8.41  .09 - .87 
4 92  80 4.9 -2.3 24.01  5 .2 9  - 1 1 .27 
6 88 80 . 9 - 2.3 .8 1 5.29  - 2.07 
8 82 80 - 5.1 - 2.3 26.01  5.29  1 1. 73 
. 30 12 87 80 - . 1 - 2.3 .0 1 5 .29  .23 
2 88 80 .9 - 2.3 .8 1 5.2 9  - 2.07 
4 88 82 .9 - . 3 .8 1 .09 - .2 7 
6 85 80 - 2.1 - 2.3 4.41 5 . 2 9 4.83 
8 80 78 -7.1 -4.3 50.41 18.49 30.53 
31 
Total 
M = :f XJ N 
= 12893 
148 
= 87.1 
12 
2 
6 
82 80 
84 80 
84 80 
82 80 
12 893 12 182 
TABLE III (continued; 
- 5 . 1  
-3.1 
-3.1 
- 5 . 1  
r = f. xy ✓ z_x2 f_y2 
= 195 6 . 28 
- 2.3 
- 2 . 3  
-·2 . 3 
-2.3 
/325 2.6 9 X 2 033.7 2 
= 1956.28  
= 
= 
'V6 , 6 15 , 060. 74 
1956.28 
25 7 1.97 
. 7 6 
26.0 1  
9.6 1 
9.6 1 
26.0 1  
325 2 . 69 
5 . 29 1 1 . 7 3  
5 . 29 7 . 13 
5 . 29 7 . 13 
5 . 2 9 1 1. 73 
2033.7 2 195 6.28 
M = � X2 
N 
1 2 18 2  = 
148 
= 82.3 
N °' 
The correlation coefficient between the outside temperature 
and the temperature in mist plot s was calculated to be .76 as 
shown in Table III. The follm•:ring formula wa s used to calculate 
the correlation coefficient : 
TABLE IV 
2 7 
TOTAL NUMBER OF SURVIVING CAULIFLOWER PLANTS PER PLOT AND THE NUMBER 
OF PLANTS PRODUCING U .  S .  NUMBER I HEADS, SMALL HEADS , OR NO HEADS. 
Plot 
Number 
1 
2 
3 
4 
5 
6 
7 
8 
· 9 
10 
Total 
ALL PLOTS WERE GROWN UNDER MIST. 
Total Number Number of Number of 
of Heads Large Small 
Surviving Head s Heads 
54�·-- 47  7 
56 48 8 
54 53 1 
56 49 7 
57 49 8 
56 so 6 
54 45 9 
57 49- 8 
57 48 9 
--2.2 -21 _§_ 
560 489 71 
Number of 
Blind 
Plants 
2 
1 
2 
1 
1 
1 
2 
1 
1 
1 
13 
*Originally there were 60 plants per row, but 27 plants did not 
survive to maturity. 
The calculation of x was made by subtracting the mean outsid� 
temperature from each outside temperature and y was calculated by 
subtracting the mean temperature in the . mist plots from each temper­
ature in the mist plots. The sum of xy ' s  was derived after each x 
was multiplie� by its correspondini y. The sum of xy was divided by 
the square root of sums x2 multiplied by the sums of y 2. 
28 
Table IV shows survival and production of cau l if lower plants 
grown in the mist plots. The surviyal of the plants grown in mist 
plots was 94 . 5  percent. Of the surviving plants over 87 percent 
formed heads that graded U. S. No. l; 1 2 percent were too smal l to 
be graded U. S. No. 1. 
Cau lif lower heads graded U. S. No. 1 must be compact. They 
cannot be discolored or over-mature and must be free from damage 
due to disease, insect, or mechanical injury. The heads must 
also exceed four inches in diameter. Based on these standards 
"compact" refers to flower clusters that are closely  united ·to 
form heads that feel solid. "Over-mature" refers to a _ stage of 
growth which is beyond that of compact, properly developed heads . 
An over-mature head is usual ly loose or open and general ly 
yel lowish in color. The cau liflower heads were harvested between 
September 26 and October 17, 196 6. 
Lettuce plants did not grow wel l under mist. Only  34 heads 
of lettuce were harvested from the 600 plants original ly planted. 
The harvested heads were al l at the extreme south end of the test 
plots. This was the driest part of the mist p lot. 
2 9  
DI SCUSSION 
Temperatures in the mist plots were 1 to 14° F. lower than 
out�ide temperatures during periods when the latter exceeded 80° F. 
The average reduction in temperature in the mist plots was 4. 8
° 
F. 
Substantial reductions in temperature occurred when the outside 
temperature rose rapidly. The mist started when the outside 
temperature reached 85 ° F. The outside temperature rose faster 
and to higher levels than temperature in the mist plots. If the 
outside temperature remained high for a prolonged period the 
difference between the outside temperature and the . temperature 
in the mist plots was always reduced 4 to 5 ° F. Over a · 
relatively long period of time the soil and water temperature in 
mist plots would rise. Kalbfleisch (9) points out that as 
relative humidity increases the effect of mist cooling decreases . 
This observation was undoubtedly a contributing factor in reducing 
the difference between outside temperatures and the temperatures 
in the mist plots. On days when air temperature did not rise much 
above 85 ° F. differences between outside and mist temperatures 
were obviously small. The small differences between outside 
temperatures and those in the mist plots was due to the fact that 
air temperature did not rise much higher than the temperature at 
which the thermostatic control was set. 
As shown in Figure 2 ,  the outside temperature on June 28 at 
8 p. m. was lower than the temperatur� in the mist plots. This 
30 
was due to a sudden drop of air temperature . The mi st area did 
not coo l as rapidly . Studies previous ly cited have shown that 
ge neral ly , s o i l  temperatures wi l l  be reduced for 8 to 12 days 
after irrigation . Thi s  depends upon s o i l  type , weather conditions , 
temperature of the water used  in irrigation, the crop grown and 
other factors . Thi s  could explain why there were differences 
between the outs ide temperature and the temperature of the m i st 
plot before the mi st  was started . The continuous thermograph 
temperatures are shown i n  Figures 9 to 24 .  
The pos it ive correlation coefficient between the outs ide 
temperature and the temperature in the m i st  plots (Table I I I )  
indicates that the appl ication of mist could be an important 
cons iderat ion  in growing cool  seas on crops in South Dakota during 
hot summer months . 
A number of factor s  may have contributed to the l ow lettuce 
yields . Cau l iflower and lettuce were in the same p l ots and 
temperature was contro l led by a s ingle thermostat wh ich was set 
for cau l ifl ower production . Lettuce may have a l ower critical 
temperature than cau l iflower . The heavy s o i l  may have bee� too 
compact and poorly  aerated for lettuce . Lettuce general l y  does 
not grow well when the amount of oxygen in the s o il i s  l ow .  Better 
crop response may have been obtained if thi s  experiment had been 
carr ied out in a sandy- type s o i l , or if fewer mi st nozz les had 
been used .  Pos s ibly the mi st system should have been placed higher 
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w 
(X) 
above the so il level t o  increase the amoun t  of water molecules in  
the affec ted atmosphere. This would reduce the amount of direct 
sun rays hi tting the so il and plants , and more of the sun ' s  heat 
would likely be absorbed . 
The cauliflower plan ts responded much better than lettuce . 
Cauliflower roots have the ability to  ob tain sufficient oxygen 
even when soil oxygen is low . The waxy leaves of cauliflower shed 
most of the water falling on the leaves. Lettuce on the contrary 
retains c onsiderable water on the leaves . As a result the leaves 
lack quali ty . The quality  of cauliflower heads was exceptional. 
· They were very white i n  color , 10-12 inches in  diameter., and 
compact .  Freez ing quali ty of the heads was excellent . 
According to calculat ions 3 7  inches of water was applied to 
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the crop dur i ng the growing season . The mist was on for 296 hours 
and noz zles were rated 1/8  inches per hour at 40 pounds pressure . 
Consider ing the normal rate of ir�_igation as being 1 .  5 to 2 i nches 
water per week , the crop should have used 2 2 . 5  to 30 inches of water . 
Additional research is needed to determine the cr itical 
temperature of o ther hor t icultural crops . The conclusions from 
this study provide a basis· for futher research . 
CONCLUSIONS 
1. Mist can reduce the mean temperature approx imately 5 ° F. The 
range of temperature reduction may vary from 1 to 14° F. 
2. The number of mist nozzles for cooling could possibl y  be 
redu ced from one-thi rd to one-half of the tota l number, 
espec ially if the lines were placed higher above the soil 
level. This wou ld depend upon the time of year and the type 
of crop grown. 
3. The direction of prevailing winds and consequently wind . 
protection are important considerations in installing a mist 
system for cooling plants. 
4. During the insta l lation of a mist system provision shou ld be 
made for applying fertilizers and pesticides through the 
irrigation system to reduce production costs. 
5. Heavy soil s shou ld not be used for mi st plots since aeration 
may become a limiting factor. 
6. Crops shou ld not be mixed under a mist system unless their 
critical  growth temperature is similar. 
7. More water was required for the production of cauliflower 
under mist than normal ly is required in growing a c rop. 
8. The quality of c au liflower grown under mist was very high. 
This cou ld increase the growers inc_ome and a l so provide 
consumers with superior, fresh produce. 
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